The child with unexplained fractures has a differential diagnosis that includes nonaccidental injury but also a number of bone disorders including osteogenesis imperfecta and rickets. This paper reports a 14-month-old girl who was found to have seven fractures, several hematomas and widespread sub-periosteal reactions. She was found to have biochemical evidence of vitamin C deficiency. While nonaccidental injury could not be excluded, it seemed likely that the major cause of the fractures was scurvy. It is important to consider the whole differential diagnosis in a child with unexplained fractures.
Introduction
The child presenting with fractures that the parents cannot explain provides the pediatrician or orthopedic surgeon with an urgent problem of differential diagnosis. One possibility is nonaccidental injury, it being assumed that the parents are denying assaults that they or others have inflicted. However a wide variety of bone disorders also cause unexplained fractures. The best known of these is osteogenesis imperfecta. 1 Others include vitamin D deficiency rickets, 2, 3 bone disease of prematurity, 4 copper deficiency, 5 Menkes' kinky hair disease 6, 7 and, more controversially, temporary brittle bone disease. 8, 9 Copper deficiency and Menkes' disease are thought to cause fractures by impairing the formation of collagen; copper is essential for this process. Vitamin C is also essential for collagen formation and fractures, including metaphyseal fractures, have been reported in scurvy. 10, 11 Fractures are well recognized in laboratory animals with scurvy including macaque monkeys. 12 Multiple spontaneous fractures also occur in other animals with mutations affecting the synthesis of ascorbic acid, including rats, mice, and pigs. [13] [14] [15] This paper reports one child with multiple fractures initially thought to be caused by nonaccidental injury in whom there was biochemical evidence of vitamin C deficiency. There is only one similar report in the literature: a boy aged 32 months with a fracture of the upper left humerus. 16 There is also one report of an 11-month-old girl with a transverse fracture of the right femur who was thought to have had both rickets and scurvy. 17 
Case report
A girl aged 14 months was admitted to hospital because her mother had noticed a large bruise over the left clavicle. She had for some days appeared to be in pain when handled but had been seen and examined by a general practitioner who thought that she had 
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Paterson a viral infection. There was no clear history of trauma but it was thought that there might have been a fall from a pushchair three weeks earlier when taken out by a neighbour's teenage daughter. No bruises had been seen by relatives or by the general practitioner prior to the day of admission.
There was no family history to suggest osteogenesis imperfecta and no relevant physical signs. There was no family history of any bleeding disorder.
On examination there was a large hematoma overlying the left clavicle, a greatly swollen and discolored right thigh and a small bruise over the left wrist. Radiography revealed a recent oblique fracture of the right upper femur, a recent fracture of the left clavicle and old fractures of the right clavicle, left tibia (Figure 1) , the left ulna (Figure 2) , the right femur, and the lower pole of the right scapula. There was an extensive hematoma of the right thigh and widespread calcified subperiosteal reactions.
Further investigation demonstrated a hypochromic microcytic anemia. An ascorbic acid saturation test was carried out four days after admission. A single oral dose of 75 mg was administered and urine collected between four and six hours later. Ascorbic acid was undetectable.
Since the fractures appeared to be of several different dates it was thought that nonaccidental injury was the most likely cause. She remained in hospital for 11 weeks under a court order. The child was returned to her mother on condition that she lived with her parents.
Her diet was described as 'probably ample in quantity but inadequate in variety'. After going home her mother was given advice on diet. The social background was unsatisfactory in that her mother was a single parent who had been living with a boyfriend who was not the child's father. However, during the long stay in hospital, there were no adverse comments on the mother or boyfriend. 
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Fractures in scurvy She was treated with gallows traction for the recent femur fracture for two weeks. None of the other fractures were thought to need orthopedic management. She was also given ascorbic acid. One month after admission the femur was clinically in a satisfactory position. One month later radiography showed that all the fractures were soundly united; there was no evidence of any new fractures. She was well when seen at the ages of 19 months and 24 months. No bruises were seen.
Discussion
The combination of fractures and bruising in this case was indeed suggestive of nonaccidental injury. However it seems clear that when first seen at hospital the bruising, though very large, was recent. No other superficial evidence of injury was seen and the reports that there was no bruising at the time of the earlier fractures seemed reliable. This discrepancy was suggestive of some form of brittle bone disease but there was no clinical evidence of osteogenesis imperfecta. The hematomas and the radiological evidence of subperiosteal bleeding prompted the investigation of vitamin C status. The results pointed to scurvy as the most likely cause of the fractures but nonaccidental injury could not be excluded.
Vitamin C deficiency is said to be common at least in adults both in the western world and in developing countries. 18 It might be suggested that fractures are a rare manifestation of scurvy in the light of this single case report and only one other in the literature. 16 However the rarity might simply be a reflection of the infrequency with which the diagnosis of scurvy is considered.
The investigation of vitamin C deficiency is unsatisfactory in that plasma ascorbic acid levels are a limited reflection of the body pool. 19 While low plasma levels may reflect a low intake, low levels also occur in inflammatory episodes in which the vitamin is taken up by tissues. Leukocyte ascorbic acid assays are regarded as providing a better indicator of body stores but the assays are technically difficult and require relatively large blood samples (2-5 mL). The ascorbic acid saturation test is probably the most accurate index of deficiency; in one variant the patient is loaded orally with ascorbic acid over four days and, if tissue levels are normal, 60 to 80 per cent of the dose is recovered in the urine. In another form of the test, particularly valuable in children, a loading dose of 11 mg ascorbic acid per kg body weight is given orally and the urinary excretion measured in the two-hour period starting four hours later when maximum excretion would be expected if the patient had adequate tissue levels. Considerable attention to detail is needed to carry out all these tests. 19 Others have suggested that scurvy could be misdiagnosed as child abuse. 20, 21 In cases of unexplained fractures in childhood scurvy needs to be considered alongside other bone disorders. It is vital to consider the whole differential diagnosis before concluding that fractures were caused by abuse.
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